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ABSTRACT

Bacillus megaterium believed to be capable of crude oil degradation through the
formation of the pure crude oil emulsion layer. This study was conducted during March
2019 to January 2020 at the Directorate of Environment and Water, Baghdad, Iraq to
evaluate the bacterial biodegradation activity using Gas-Chromatography (GC) and Gas
Chromatography-Mass Spectrometry (GC-MS). The visual GC-MS examination confirmed
the disappearing trend of several chemicals, as well as decrease in the peak area for other
components, indicating the efficiency of the bacteria in the oil decomposition and
dismantling of hydrocarbons. The GC-MS analysis of crude oil treatment showed complete
mineralization into low molecular weight compounds as Butanoic acid, 1-1-dimethylethyl
ester, Benz [c] pyran-1,3-dione, 4,4-dimethyl, 1,2-Benezenedicarboxylic acid, diisooctyl
ester, etc. Therefore, Bacillus megaterium can be effectively utilized for biodegradation of
crude oil-contaminated soil and water ecosystems.
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INTRODUCTION

Oil spills or hydrocarbon contamination
remains a major environmental problem today,
due to the activities of the related industries,
such as the petrochemical industry, during the
industrial process, oil spills are normally
discharged into water bodies, causing serious
problems to the ecosystem (Misra and Pandey,
2005; Rajput et al.,, 2017; Kgopa et al., 2018).
There are many ways to get rid of this problem
using chemical, physical and biological
methods (Zhan and Ma, 2017).

The chemical and mechanical methods
used to get rid of hydrocarbons from
contaminated sites is expensive when the
concentration level of the contaminants is high
(Guru et al.,, 2013). However, one promising
method that has been generally used is the
biological degradation of oil by microorganism
since it will lead to mineralization with cost-

effectiveness (Kumari and Amruta, 2013).
Microorganisms were found as one of the most
potent tools for remediation of crude oil (Pandey
and Chandra, 2013). Bioremediation of
contamination materials containing complex
hydrocarbons is dependent on the capability
of the bacteria or fungi to increase their
population and colonies on these media and to
biodegrade them to non-toxic products such
as CO, and H,0. Many environmental
parameters affect the biodegradation efficiency
of microorganisms, such as carbon and
nitrogen concentration, temperature, oxygen
availability, and pH (Ruffini et al., 2016).
Biodegradation could be determined by
many methods, including Gas chromatography
technique which is used to determine the
hydrocarbon degradation efficiency. It provides
an exact and quick analysis that helps in the
determination of the rate of biodegradation
(Singh et al., 2015). GC-MS is used to identify
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all the composition of petroleum hydrocarbons.
These methods are highly selective, and
compounds can be authenticated by analyzing
their unique mass spectra and retention times.
GC-MS can prove the presence of target
components and can be utilized for the
separation of complex and simple hydrocarbons
into groups. The aim of this study was to
evaluate the efficiency of Bacillus megaterium
in crude oil degradation, followed by the
analysis of the biodegradation products using
GC and GC-MS.

MATERIALS AND METHODS

The present study was conducted
during March 2019 to January 2020 at the
Directorate of Environment and Water,
Baghdad, Iraq to study the bacterial
biodegradation activity wusing Gas-
Chromatography and Gas Chromatography-
Mass Spectrometry.

Mineral Salt Medium (MSM)

The bacterial colonies were grown in
Mineral Salt Medium (MSM) with the
composition: FeCl, (0.002 g), (NH,),SO, (0.5 g),
MgSO,-7H,0 (0.2 g), KH,PO, (1 g), CaCl,-2H,0
(0.02 g), NaCl (1 g), Na,HPO, (1 g), NH,NO, (0.5
g), MnSO,-2H,0 (0.002 g). These components
were dissolved in 1L of distilled water (DW) of
pH 7 and autoclaved for 15 min at 121°C
(Herman et al., 1997).

Modified Mineral Salt Medium (MMSM)

The MMSM was used in this study to
facilitate the process of oil emulsion formation
that will speed up the biodegradation process
with the composition: CaCl;2H,0 (0.01 g),
MgSO,7H,0 (0.2 g), KH,PO, (4g), NH,NO, (4
g). These components were also dissolved in
DW (1L, pH 7) and autoclaved for 15 min at
121°C (Duvnjak et al., 1982).

Lactose-Broth

The purpose of this media is for the
activation of the bacterial spores composed of
yeast extract (5 g), NaCl (5 g), Glucose (1 g,
Tryptone (10 g). These constituents were
dissolved in 1L of DW (pH 7.2). From this
solution, 26 mL was transferred to glass

containers and autoclaved for 15 min at 121°C
(Ball and Mccarthy, 1989).

Isolation and Identification of Bacteria from
Soil Samples

The bacteria strains were isolated from
the soil samples by a serial dilution technique.
The selected colonies were identified via
cultural, morphological and biochemical
characteristics (Aneja, 2002).

Morphological Changes Associated with
Crude Oil Biodegradation

The bacteria (B. megaterium) utilizes the
MSM for growth. 50 mL of MSM was transferred
into glass flasks (4 replicates) and sterilized for
15 min at 121°C. Then, 2 mL each of crude oil
and the bacterial broth culture was added into
the sterilized MSM and incubated for 1 week
at 31°C (Kosaric, 2001).

GC and GC-MS-Assisted Detection of Crude
0il Degradation Products

The bacterial isolate, already grown in
Lactose-Broth Medium for 24hr was seeded into
a flask containing 50 mL of MSM, followed by
the addition of 2 mL of crude oil into the flask
(4 replicates). Then, the flasks were incubated
at 31°C for 1 week in a rotary shaker incubated
at 150 RPM. After the incubation period, the
content of the flasks was centrifuged at 9,000
RPM for 1hr to obtain the cell precipitates. The
filtrate obtained was resuspended 1:1 in hexane
and dried in a rotary evaporator at 80°C. The
dried filtrate, which represents the
hydrocarbons residue, was analyzed in GC
device (model: Shimadzu Japanese Company,
2014) using the CPSIL5-CB capillary column.
The amount of hydrocarbon residues after
microbial degradation was calculated from the
resulted areas using the following equation
(Kates, 1972):

1
Area = — base x height
2

Sample area
Remaining percentage =
of hydrocarbons

x 100
total area
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RESULTS AND DISCUSSION

Morphological Changes Associated with
Crude Oil Biodegradation

From the results of the study, surface
changes were observed in the crude oil layer
due to the bacterial growth after 1 week of
incubation at 31°C. There was a shift in the
mass of the crude oil layer to the gelatinous
bloc, accompanied by decrease in strength and
emulsification compared to control (Plate 1).
This observation points towards the bacterial
capability to produce bio-emulsions which
facilitated the biodegradation of crude oil (Al-
Jubouri, 2004; Nwaogu et al., 2008). In the
gelatinous form, the mass of crude oil is
described as pseudo-solubilization; it is the
manifestation of the accumulation of
emulsifying agents which reduces the oil to
small droplets, causing their spreading and
formation of emulsion (Plate 1). As per Kosaric
(2001), the characteristics of these materials
include degradability, alteration of surface-
active processes, generally low toxicity (such
as wetting and penetrating actions), reduction
of surface and interfacial tensions, spreading,
hydrophobicity and hydrophilicity actions,
microbial growth, antimicrobial action, and
metal sequestration.

a b

Plate 1. Morphological changes observed in crude

oil incubated with Bacillus megaterium for

1 week at 31°C on MSM broth: (a) control

sample; (b) sample incubated with Bacillus
megaterium.

GC and GC-MS-Assisted Detection of Crude
0Oil Degradation Products

Using the GC device, 43 chemical
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compounds were identified in the control
sample (Fig. 1) while most of these compounds
were obviously missing in the biodegraded
sample as evidenced by the disappearance of
their respective peaks. In the treated sample
(Fig. 1), only 20 compounds were identified; the
peak area of some of the chemical compounds
also decreases when matched with the
untreated sample (Figs. 1 and 2). This is clear
evidence of the capability of B. megaterium to
decompose some of the chemical components
of crude oil. The adopted method provided a
clear understanding of the specific compounds
that are being degraded (Diaz et al., 2002), as
well as clarified the manner these compounds
are being degraded in crude oil (Gilbert et al.,
2001; Sharma and Rehman, 2009).

The microorganisms involved in oil
biodegradation are widely distributed in the
environment and have been isolated from water
and soil ecosystems. With their oil biodegrading
capacity, the microorganisms can utilize oil
products as a source of energy and carbon
(Atuanya and Tudararo-Aherobo, 2014).

This study was performed to study the
biodegradation of crude oil by B. megaterium.
Chemical tests were performed using GC
analysis; the treated samples were compared
to the untreated samples. The results showed
the presence of 43 compounds in the untreated
crude oil while most of these peaks disappeared
in the treated crude oil. Only 20 peaks were
identified in the treated sample while the area
of the other peaks was reduced, indicating the
efficiency of B. megaterium in degrading
hydrocarbon compounds (Fig. 2).

From the quantitative and qualitative
analysis using GC-MS technique, some of the
complex compounds that had been completely
degraded include Butanoic acid, 1-1-
dimethylethyl ester, Benz [c] pyran-1,3-dione,
4,4-dimethyl, 1,2-Benezenedicarboxylic acid,
dioctyl ester, etc. the available polycyclic
aromatic hydrocarbons (PAHs) were used by
the microorganisms as carbon source for
growth and replication. The microorganisms
degraded each PAHs gradually to ensure their
complete degradation (Figs. 3 and 4; Table 1).
This indicated that the amounts of n-alkanes
(lower molecular weight) dramatically
decreased, and the bacteria and fungi required
some enzymatic modifications to utilize the
higher molecular weight hydrocarbons. On the
other hand, another explanation for the
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Fig. 1. Gas Chromatography (GC) for the control sample (untreated crude oil).
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Fig. 2. Gas-Chromatography (GC) for a crude oil sample treated with Bacillus megaterium.

lateness in biodegradation was that the low molecular weight counterparts have been
microorganisms may not prefer to degrade the  completely degraded (Malik and Safia, 2012).
high molecular weight hydrocarbons until the The results also showed that the
bacteria can use both the long chain and short
Clrosingan Code O Snple  C/GCSsaltionSpl e Oi Sargle 2 0GD chain PAHs as a carbon source (Singh et al.,
LI 2015). The biodegradation process of crude oil
vy by several strains of bacteria, namely,
) 1it Alcaligenes sp. ASS-1, Alcaligenes sp. ASW-3,
I R Pseudomonas aeruginosa strain ASW-2,
‘ [T Exiguobacterium sp. ASW-1, and Bacillus sp.
i

G154

ASS-2was evaluated using GC-MS in previous
¥ ‘ Vi T i studies (Santhakumar etal., 2017; Chen etal.,
2 | oy [ Nl g 2017). The Determination of crude oil

§EFT il ; l“‘f’ *‘ e degradation efficiency via GC-MS revealed that
! IR i the most efficient strain is Serratia
100 0 Bl proteamaculans S1BD1, followed by Alcaligenes
sp. OPKDS2 and Rhodococcus erythropolis

Fig. 3. Gas-Mass Chromatography (GCMS) for the OSDS1 (Xia et al., 2017). Additionally,
control sample (untreated crude oil). Microbacterium hydrocarbonoxydans showed
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Table 1. The hydrocarbons compound degraded by the action of B. megaterium through the results of the gas-mass

chromatography
Compound name Chemical structure
Butanoic acid,1-1-dimethylethyl ester ___k-'“ ---_".F---"-—-T—-n‘“'

Benzene, (2-methyloctyl)

Boron, (3,3-dimethylbutyl) (n-methylenemethan amine) 1 —
Benzeneacetic acid, heptyl ester 7 :..:_?__Ir-' b i e
L) !
Oxalic acid, butyl propyl ester — SR— -
—a o
Propane, 1-bromo-2,2-dimethyl —ac= Py T
Cl)H
Acetic acid, butoxyhydroxy, butyl ester “T~—"er TOF'O —
Hexan, 2-dimethyl Xv\
© CHa
Tert-butyl acrylate HaC 1“::,—-]"'\0 ‘,{ CHa
CHs
1-cyclopentyll-2, 2-dimethyl-1-propanol ™ -;iGH =
Lt
Sulfurous acid, octyl 2-propyl ester :,EI'H_:,_.,«R/-H_,_.;-\A

Nonane, 3,7-dimethyl

L=t L I
Oxalic acid, isohexylneopentyl ester """‘ ST rl'\n/ S

Sulfurous acid, nonyl 2-propyl ester e e e
Sulfurous acid, decyl 2-propyl ester -
Nonane, 3, 7-dimethyl PRI, RSB ) [
Oxalic acid, isohexylneopentyl ester S — " B

Phenol,2,6-bis(1,1-dimethylethyl)-4-methyl, methylcarbamate

4,6-di-tert-butyl-m-cresol

Butylated hydroxytoluene

I Contd.
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Table 1 cond.
Compound name Chemical structure
izp
Cyclopropanecarboxylic acid, 1-hydroxy e
~ —cra
Phenol,4-6di(1,1dimethylethyl)2-methyl “"“‘u
< < ?} I
Decane,3,7-dimethyl WK
| |
Decane,2,3,5,8-tetramethyl : ] C |
I
Undecane ,3-ethyl L
J
Octane, 3,4,5,6-tetramethyl T 1 [ I
Undecane,3,8-dimethyl I 1
L L ] L -
Benz [c] pyran-1,3-dione, 4,4-dimethyl -
3-phenylthiane,s,s-dioxide —_
| — -
1,2,4-metheno-1H-cyclobuta[cd]pentalene-3,5-diol,octahydro Qr L} - -
Cyclohexanone, 3-phenyl %
1,2-Benzenedicarboxylic acid e
1
n_ 1 T
1,2-Benezenedicarboxylic acid, diisooctyl ester < ST i
= = :Ill -t
Bis(2-ethylhexyl) phthalate § —
I I o '
838,856 ' ] ;‘ Lx
2 - 8 g
o ﬂ“i’»’ifi § ;' m‘"? gf:
ok
5 #’f* J AP ## — TIC*1.00
. - ] T —
T T T T T T T I T T T T T T T T T I T T T
10.0 200 230
min
Fig. 4. Gas-Mass Chromatography (GCMS) for a crude oil sample treated with Bacillus megaterium.
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high crude oil-degrading capability as exhibited
by its high growth rate in crude oil-enriched
medium (Santhakumar et al., 2017).

CONCLUSION

Bacillus megaterium isolate under
laboratory conditions demonstrated the
capability in crude oil degradation by using the
crude oil components as carbon sources for
growth. B. megaterium exhibited the highest
level of oil degradation and had the best
development processes because this experiment
mimicked the natural ecosystem where the
organism thrives. This work is significant as it
can guide further biodegradation and
remediation studies, as well as provide useful
information that will guide the use of other
bacteria for biodegradation processes in crude-
oil contaminated environments. However, there
is a need to conduct more studies on the
characterization of the bio-emulsion produced
by B. megaterium and its impact on the
ecosystem.
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